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15 VB PR A 1 R 4R PYE LK S5 F R A7 AR AR 3R
5522 45 A - Bian 250 55 H N 0% 36 R BETE R AE 2
Mr, Z5RFWESLJE Cre Mn. Co. Ni. Cu. Zn. As.
Cd A1 Pb HIIREZ 5N 3.4~3.9. 1.2~2.9. 0.04~0.13.
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MITALER, 45 RFHZIEAIE G HBME S CODe
TP. HLSFREBIRD M TIET 5.8% 20.9%- 11.73%-
12.1%, 7EL 4] I8 P M 5 7.3 L/(m*-h)yBE R, 1
GNP E 5.8 L/(m>h). Zhan ZSEF PVDF H1732f
HEEPENE (10~100 nm) TRACEE 37 IR AR BRI, 1E 3
Bar $#F 1 FiB e H /K EE @ # A 9.8 Li(m*>h), SS %
BRI 95%. AHET ARG WM R, JoHL b &R
AR WS EL . PUMEDTS Jeie Ji5k. 2 BRCR S
At R0, AE Tk K AL YR [m O AR A L 1S
BRI, T P R AT 8 T A B AT () B A E R
W2 B . Zacharof 2SR H I F14% 200 nm f) W & ik
JEME AL A R SRS FT R A R BEE I, M R R A
140 L/(m*h), TS EBRFEN 20.75%, FHBHRY (13.97~
21.17 um) EFRFEN 48.58%. W&t T HAL B ALk
PERE S PTis JeketE, R T 2 BRA BISCK A g B
&)@, 1 9% T PR RS T LA v R AR R AR L
HIFEARIE . Déon ZEPLR M &M (L FE 4> T 8 000 Da)
EBOKMFIZE4E)E Se (IV) Al Se (VD) , 45 R F A
BT Se AR @ 2GR, W pH (B0 0%
HAEBEZERW, REVWFRERER I T WX Se
PARE . B I 25U OR B L M R S AR T b
SJRIEK, AR, pHEN 9.5 BHEHFE TN HE
B LR OR AR, EREBITSEEAMNT, WER
(60 nm) 385 HK T Crt. Cu* I NI E LR
3 HMET 0.284 0.13 F1 0.1 mg/L. M &M it 5
PGS DI oS, R & LR — e FE T bk e
Tt A R KK R o PR R S I AT AR 5 LT R
FER M IEOE & 2 O OG,  EIE R B S TR k AKK B A
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WA SR, SR R AR B T PR AR
1 #MRI5E%
1.1 REER

RIETBRCR BT & BRI IE Y, %3
FEAATG KR AR A RE R T 2T . kS
JEHENZZUTEN (500 m®) , &5 ARE TS, b
TEVE N TR, HEEE R LR 1.
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Table 1 Physicochemical properties of CM feed

; A §s¥ 1
Lo pHE M mE ‘ .
Pt pH Turbidity Conductivity CODcy - Ammonia Total

Sample B (mg-L") nitrogen/ phosphorus
value /(NTU) /(ms-cm™) (mgL')  /(mgL™)
Wi e st 7K
Ceramic
membrane  8.61 1125 16.1 3949 2 460 44.14
(CMD
feed

1.2 gt

ARG EH 102 20, 50, 100. 200. 500. 1000 nm
7 FhLAR M E I AT IR, R R A R (15,
20, 25. 30, 35. 40 C) . JEMEHE (2.0, 2.3 2.7,
3.0, 3.6m/s) WA (305 35, 40, 45. 50 Hz) .
RFRAERT L (0~10 f5) T W& RIS EMZITIEN,
KR . CODe RIS TOHUE 7 8 1) 22 BR RGN
Xof 22 4 ) A% K RE
1.3 RWEKE

TRI6 ) M e L e s N T 2R L 1. TR EEAA
BN S0 L, MEESEHRE (g 0=3 mh, %k
H=53 m) AT HLRHRIG 44, 384T e 77 nl i JE A i
JEWRFZ S, RHRR B A FK T . PR
RN—BEit, BRI (B 1) B8 CRM 3019 &
B, B FEBAY 0.12 m?, K 500 mm, BEA)E =
AT (RBRIRER AR AR o W& RE
7129 1.0 MPa, 1217 % /376 A 0~0.4 MPa, 217
FEART 100 ‘Co TERRRET 5205l 236 i3k, F T
(6] A M. WA B A PLC 425 46 m DASEEL B shis i,
FEXFIBATIS A R0 IR WA .
1.4 BERESHHHEE
141 HKERESKEN

MG & BL &R . R mMERNEEE . AR
36 BTN () B S X oA AR il s, R A e
EAFEERED AT RS B E SR, BTE R
YIFEA B AR il B 2 5 FFUR IR . VAN e e B VA
TR, g R AR RS0 /KR I W RE i Cn
B, BAFEREUREEN 50 mL, 4 CUKFHHTA K.
KR BRI E pH. SR, WE. CODe & A

TP FIEE & )& %5 . pH {E A1 H1 5 243 5K A pH i1 (PHS 3E,
WL, R ED fTE SR E (DDS 307A, &L, FED,
U SR R S EEAGI E (ZS 186, FEHE, E) , CODe
FIE R BK ) AR RATE (DR 6000, M35, SEED 1
YN AR T2 B BV (HT 535—2009) &, 48K
HUBGR A 58 TR RS, (H) 776—2015) M%E,
TP KA/ OLEE (GB/T 11893—1989) IxE.
4 '(‘l‘f - 3 -

b. Pz g T 2R R
b. Flow-process diagram of CM filtration

a. PRSP D8 ke B e
a. Picture of CM filtration
device

c. 1R PR R
c. CMs used for experiment
LIsURHRE 24035 3 sURIEIEARST AW 5. MK
1.Raw slurry tank 2.Circulating pump 3.Ultrafiltration membrane module
4 Permeate bucket 5.Cooling water pipe

d. BBt /R KR B
d. Samples of CM feed and permeate

A1 RBABUE. KR, TLARAR. BARES
Fig.1 Membrane and device used for experiment, flow-process
diagram, inlet and outlet sample
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WIS HE R Excel (Microsoft 2010) 347 ¥ 1c5% «
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AR5 (%50 (Volume Reduction Factor, VRF) . CODg,
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V

X VRF EBARIRAE 558G Vie V, 70 R II6
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FEFLAR I IR /N, PR EE E 28 J7 1 S PR A S T T
Ja XA ras . UPERLE 1000 nm i, JEiEE
4200 LAm*h); Bl BEFLASE/NE 500 AT 200 nm H,
JESE B FECE 135 Lm™h); 4L S5 N2
100 nm Hf, BEEEIEM TS 145 LA(m*h), ki
500 1 200 nm FLA B B ey Yeis ™ E, BRI yA
AR AR TE 200~500 nm i [l IR S Bl m, g is
B 500 A 200 nm fLARFERIESE . AL SR G NS
50nm W, fEEE KR BT E BT A R i e
250 L/(m?-h), ZKEE4a/MEFLZRE 20 1 10 nm H, fEE S
BIBEIRZE 175 Li(m*h). P& it Sy eR A it i vk
3, i R ZE 1 S IR AL IR TH TS Y R AL Y5 L,
SR YA L, LI FE 3% R 5 et BB B PR IC 2
B E U T 500 A1 200 nm iX 2 FPFLARECK B,
BT %78 W 5 G ORI RSE T R BE B0 T 200~
500 nm, TEME5 YL R AL ML kAR, S EUE &
BT, KR, 10~50 nm (IBEFLARARXS BN, fEREYS
Yot FE PR E T R B R T 5 et S TR ALY 5 S, R
15 YR N AL A8 FE AT RE TR/ o AR R AL
REUNE) 20 110 nm JBE, ) LF-REREAERBE VA HH A R
BRI G, 1R85 JebE G REGuaAT i A K AR R
TERERTH, S ECIE UG Bk 1M 3 B X 58 = vk 22
Wet, (7K 2 FhAEE /N T 50 nm 5. HHE 2 AL,
AN RFLAE (100~500 nm) FIER GRSk, MNLE
(10~50 nm) FHEPEMERLEL ERE T, UHHZAR kL
EIYARTE 50 nm 2247 B LR B2 & EA R AG,  BSy5 e
FERE R . Waeger Z5LR FH MG IERE (200 nm) 14
ZERANERE (50 A1 20 nm) ACFRVETR, tHRPULEBEIERETL
RN, AAGRUEARECT HIIETE b R AR LI 28, TR tis
HHHIER 30%, XSRS AL

||

1000 500 200 100 50 20 10
[IifL. %Pore size of membrane/nm

FE: HJE 20 C. 4RIERS 02 MPay T 3.0 ms
Notes: Temperature is 20 ‘C; operation pressure is 0.2 MPa; membrane surface
velocity is 3.0 m's™.

B2 RRIVERER A

Fig.2 Membrane flux corresponding to different pore size CMs

ML K TR 2 B B A R U, PSR R
HRALARBR NGB WK B A, A R s . E
7 8 3 B B MEAE SE PR AR B TAR TP IR, HEUNH
R 20~50 nm FREERAREL, A 10 nm K& BL T FLA2 K
B fh A E . RIEEE FIRAIER, JREkiks 10~
50 nm Y5 [ 9 ) 20 nm FLAREE BE R BN EAT B AU AT .
2.1.2 mEIEEENR

BRGS0 Rl B e AR . nlEl 3 FR, Bl

200
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(=3
(=}

W
(=}
T

(=}

i5% 3 f: Membrane flux/(L 1

EHIR T BTy, PR G R T . RHRIRE N
15 “CIst, @ E N 165 LAm® h); 24 RHERE T 2 40 C
IF, B K ZE 275 LA(m?h). KI5 R0 B 8
PTG, AR (3) , KIMHSFETHER, W
FH 2R B AT B FEM N, XA R=0992. WIEAR
OFHTIHHE R RN BRI E 1 °C, BB R N2 2.1%.
BETE S, DR RSB R, A& R K, Pk
BiEMERER G, HULEEE TSR B-05im, RET
f (e 3R R TRV e Ie) B AR I3 8k, AT S
e, PREEEER,

J=117.17e*211T) R?=0.992 (3)

A J oABGEE, L/(m*h); TNEE, C.
—,’_*290 F
?:270 3
_a2s0r
| B230f
® %210t
_‘;‘190 F
s170}
= 150

10 15 20 25 30 35 40 45
)% Temperature/ 'C

FE: BEALAE 20 nm. #R{EEJT 0.2 MPa, R 3.0 mes
Notes: Ceramic membrane pore size is 20 nm; operation pressure is 0.2 MPa;
membrane surface velocity is 3.0 m-s™.

B3 REATIREFRR
Fig.3 Membrane flux change with variety of operating
temperature

2.1.3 JE@akaEE F R
OB T T A 5 e A R 43 B MR R RN T 2T 2R AR

HERNZE, FOAEmREEEYWE X EAER. W5
PP REAN RAREFE . AHIF 70 H I VA OB P S X
OB D 70 338 P U 5 O T 98 3 55 08 P 9L 2 PR 0 I 0% R AL
F2), HEET REIHFUEX P IE SRR, g5 R aniE 4 pr
e METIIEEA 2.0 m/s B, BOEEA 37 Lim*h); 4
TN ZE 3.5 m/s 6, JROE B3 K ZE 194 L/(m*h). ¥
I THT S AT i = R R A T30S, AR (4, R
HfFE RO (WLRED , WEZWAER
BEMINE, FIERE R*=0.999, FfiF B S A58 0,
IS0 B AR R T O, (R I AN W IR o B T I
TP, PR A BT 038K, 5 G LA
TEMER T B & AR MR TR s A, B2 FE TR AR,
Fy Gk 2 o [RIERE, 5 v ) B T 9 T e R P 42 o 1
H, PR T IO E R R S E D7, PR S 38
L A2 IR T 03 (00 189 A2 DARERE A3 I AR 1230, [RT t
I THT 0 33 (19348 5 B2 70 0 25 RE S 0a R RIS AT REFE I R R S
HoWRIER R E, Ho B E I K. BT
I, AR R ROE B RN 3.0 m/s, FEUCERAET
s RGm BN 175 LA(m?h).

J=—67.5v*+472.1v-632.1, R*=0.999 (4)
A J SR, L/(m*h): v ABEERE, m/s.
2.1.4 g RAE 40 om

J,==0.954/+84.25(-1576, R*=0.992 (5)
X g, WA REFEMIBSE R, L/(m>hkW); £, Hz
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Table 2 Membrane surface velocity corresponding to circulation

flow rate
TEF
TiH Ttem Circulation flow rate/(m*-h™")
1.72 1.98 2.32 2.58  3.09
JE THI U
Membrane surface 2.0 23 2.7 3.0 3.6

velocity/(ms")

7E: ML 20 nm. #21EJEJ7 0.2 MPa. HZ 20 C.
Notes: Ceramic membrane pore size is 20 nm; operation pressure is 0.2 MPa;
temperature is 20 C.

250

i3 it
—_ )
[ =3
S S

Membrane flux/(L-m=2-h™")
=
(=)

[
(=1

0 . I I
1.5 2.0 2.5 3.0 35 4.0

T U Membrane velocity/(m-s™)

7E: ML 20 nm. #R1EJEJ7 0.2 MPa. HE 20 C.
Notes: Ceramic membrane pore size is 20 nm; operation pressure is 0.2 MPa;
temperature is 20 C.

B4 JEd@miiik st B e Hoh
Fig4 Membrane flux change with variety of membrane surface velocity
HE 4 wl3, NEEREENETEE, TiReEE
A B P S T A3, T I 0 T ) v 7 DASE RS AT RE R
R o BRI FE AL FR AT A, TR EH A
BATOIR TR E, SR WE3. HR3I T, fEEE
AN R S, IS AT DB ARy, [R] e
BEE G OK . KA A REFE I BB AT S, WA
K (5, KUEFFE RSO YLty
P 2 M A B EME, MERE RP=0.992. BEERE
FERIZ DN, AL ReREBLE B A ) 1 SR KT S B
Rk, BEFEN 420 W I, FRALAEFESE T FLAYIE &
N 88.5 L/Am*h); HAEFEMIINE 650 W i), PR AEFE A
K E A OKME 275.5 Lim?>h); 124 REFEk St n &
760 W I, BN AEFE A 5 B I T PR & 255.3 L/(m*+h).
IR 24 AR AT SR AT R AE 40~45 Hz Yo Bl iz AT, BIAERELE
570~650 W G [, FRA7 BEAE I B IE B AR X 5 s, BB
BT N RS AT ARG, SUF it
#=3 TRMEEITEHTHERE

Table 3 Membrane flux change with variety of operating

frequency
T H Item A% Frequency /Hz
30 35 40 45 50
% Power /W 418 494 570 646 760
JIE£3# & Membrane flux/(L-m™>-h™") 37 105 152 178 194
L X Ajizv=ail) STk

Membrane flux per unit/(L-m>-h™-kW™) 8.5 212.6 2667 275.5 2553

H: BREALAE 20 nmy #RAEHRFT 0.2 MPa, R 20 C
Notes: Ceramic membrane pore size is 20 nm; operation pressure is 0.2 MPa;
temperature is 20 C.

2.1.5 HRABUREGAEST R F 0 HH
TE SR N A R A A A B SR TR B A = B IR 4 1

e, T AR R ECRIIVER, SR A R BRI
JE IR 4G A R, PR EE I B, B Tk
BURAE B BRI . B S alkn, FEEIRSR
B n, R AR R I SR N RS 218 R
ko KT 20 nm PEERE, IR 2 R, S
BN 136.7 LAm*h); iR EHINKE 4 (50, BUEE
B 105.2 LA(m*h); IRGEMEELkSE K EE 10 55, 7
WREFEKE 63.1 LA(m*h). XFF 100 nm MR, 2ik4YE
fEHCN 1.6 £, BEEEN 94.7 L(m*h); 4IRS 15 504
KA 3 fEN, BEEERA 73.6 LA(m*h); W45 5K dk 61
KEZE 4 50, BEERKE 63.1 L/(m*h). HHENAE
FLAR 1 3 = AR 48 A5 B Bl AT LA, il L
X 6 A (7D, KRIMBFFEZRZ IR (P
ALY o ARAEA AT AL, 100 nm A1 20 nm FLAR R
W PRI 4 5 5 (4 53 1 o 4 A (IR I Ko I PR AR R i 4 43
B RN 5.33 581 10.22 £, FH A N B AR E
004 58.8 LAm* h)A 62.6 L/(m*h). SZhrm AT,
52 R4 445 s 00 S T 97 Py o G L 36 2 mT AR 3 & FLAR
FIFRZIE, ol 5 Fras, 20 nm P 2 A5 A AR IR R 446 3 B0
HR RS R ST 100 nm i, K 20 nm 5 5 3E 4
THAZVBW I TRALHE . FEAH R B2 SRS s By, il
BN, TR OG5 O N 5 U T S eI R Y
DI Ei R s 1) E AR NP S i A N I S R N o
MAFE LR E =R E AR AR, RHBEZTHE
X FRE o

J100=2.576 87-27.479r+132.01, R*=0.995 (6)

J»=1.0758-21.995-+174.96, R*=0.997  (7)
T Ty Al e 235124 100 nm H1 20 nm JEIEE, L/(m? h);
r IR

D
f=J

fL{%Aperture/nm
*20 m100

ISR
S o

JBL i Bt
Membrane flux/(L-m?-h")
=
(=]

D X
oS O

&
S

0 2 4 6 8 10 12
WAELLVRF

VE: #R{EEJT 02 MPa. BEEHIFHE 3.0 ms™ W20 C.

Notes: Operation pressure is 0.2 MPa; membrane surface velocity is 3.0 ms;

temperature is 20 C.

B 5 ARBRREARST IR F 6
Fig.5 Variations of membrane flux with different VRF

2.2 FIERESHHE. COD.. SRMERIER

FRIE 2.1.1 7 ST LI & (100 &5 SR mos 7 o g s
3R 3 25, 433108 1000 nm ()R FLARTLIE R ZERE . 100~
500 nm FHFLARTRERR B REAN 10~50 nm F/NLAZEE UE
Mg, R E 825 Bk B 3 KR4 1 MR &S
BB RO AR E, B 204 1004 1 000 nm e & 54y 51
RFE 7 MBS /N LEBIE. PILARIERKILE
TR . RAMREE. CODe, 2 BRZF 0 T I B2 F 4.
AR R B R R, R 4 Fr AT LEFSLH, 204 100
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1 000 nm P &8 I B2 1Y) 23 B 2853 R 99.77%+83.91%
81.87%. MACFEAHE &, 20 nm HAKME/NT 5 NTU
CanfE 1d Frow, #EKVEM, KB , ZREEE] 99%
DAL, Rei 2 )5 SE R AR 2Lk . 204 1004 1 000 nm
W) ZE AT CODG, 1 225 2% 43 1A 15.97%+13.12%+3.19%,
AW HELEEER . %A HEERX CODe, %FBREK
R JE A& 2B CODe, 2 NI A NUB T LI, 1
W) T FEXS P Y P A O ) 25 BRI o FRUEE AT AL, 20 nm P
F SO NN T AP SSER T K F a2y & S 5% SO BV RS 1 E R
LW 1) 25 B ORI
F4 BREBEDEAREERRE. COD. MERKE
Table 4 Removal efficiency of turbidity, COD, and ammonia
nitrogen by CM filtration

1000 nm 5% 100 nm i 20 nm fiE

B AHEHR PURT(E PURT(E pUR1

Samples Raw digested Permeate by 1  Permeate by Permeate by

P slurry 000 nm CM 100nmCM 20 nm CM
filtration filtration filtration
U Turbidity/

(NTU) 1125 204 181 2.6
CODC,/(mg'L'l) 3949 3823 3431 3318
= :

A Ammonia 5 464 2456 2450 2438

nitrogen/(mg-L"™")
TE: #{EEF7 02 MPa. BRI 3.0m s, 20 C.

Notes: Operation pressure is 0.2 MPa; membrane surface velocity is 3.0 m's™;
temperature is 20 C.

20, 100, 1000 nm P &R0 EHR PR E LT LEE
YEH, Pieters 255 FH 100 nm foiE W 2 J 9 A B B3V
W, BEEEHERMNT 5%, PEBEE ZBRAICRIKN
RN S B EEBRBFOAERNE R, HRPARTE
AR B AEERT, R0 LI 28 R ml e b O T S A7 1
T T, mMEERGILGEE KT o TSRS 754,
DAL T2 B 2
2.3 MEENENEFERNER

BRF RS HERKEAIRME R E R LU, EF5H
FEME, B B, BEIONLE RSN, WE 6 R LG
H, PEREXTER RS, B B RS EE ARFEER
FBRACR, LAV, RN, HARER
ANEF . 20 nm PRBEXTES. BE. B, BEAI 2R RCE )
N 14.7%. 66.3%. 3.9%. 32.9%, BREETLLAAL, XfHAh
TTEEBRERL. Pieters 252 100 nm s P 2 5
AERREPREVEW, TR N T 10%, 0 R 2
2 30%, SACHIWF TS RAL. Beaudette 5 HIHT 7T
BoR, R AN R R AR R R S B AN, 2D 50%
IBEAAAET 0.45~10 pm [PIBURL R, PR LM P 5 S TE 25 B BT
LA 51 (R BS HX 3  EAT TR . R ORI A 2o B
B TEHLE 77 3 K ET M RO A, T E i S %
R LS T IS T -

W e T 3R LR R A B R, B R 4 kT
TUACEE R BR, BRI LB BRIk, JFR BB
HIVE TR, NJE Sk gt iR e rTFE MK . S
DUGHA A DL . BB 275 77 3h 0 vk 48 ) 75 Z53@ ik
JEEEANIE. RIBEEHEREE S B A

0 J5FfRaw digested slurry

81 000 nmfiiZ ik #iPermeate by 1 000 nm CM filtration
8100 nmfiLi% id #{Permeate by 100 nm CM filtration
=20 nmfifi% il #iPermeate by 20 nm CM filtration

Qo

& 1000

ﬂjmﬂ 50.0

b 7%

Ca Mg K P

JG#Elements

TE: BR{EEJ7 02 MPa, BETEIVGE 3.0 ms™\ W 20 'C, F.
Notes: Operation pressure is 0.2 MPa; membrane surface velocity is 3.0 m's™;
temperature is 20 ‘C, same as below.

Bo6 MEBLEAZBATE. 4. 4. ST LA
Fig.6 Effect of CM filtration on content of Ca, Mg, K and P in
biogas slurry

2.4 MEENELSEHMEITER

BB S A REA IR L BB EEERK LT
HrE RSN, B 5H ZMmEESED. FRERR ER
MBS R 2 —, B4 8RR OB REE I — K
A, DR ARG 52 T B VR RO 2 P R
MR 2RE . Wl 7 FiroR, 3 FlAS (R FLAR R ) B e v
mEZRESE (B Cr AN R BB, H
FR 20 nm P B A BEL 32 25 B B A « 20 nm B B FE X E R P
Cu. Zn. Pb. Fe. Mn [IBHIZRCE 5358 96.0%- 95.5%-
100%- 86.5%- 76.0%. Xt MMITH scBbl | 5 FE 48
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Technological parameters and effect of pretreatment of pig biogas slurry
with ceramic membrane

Xiao Hua, Xu Xing, Zhou Xin, Zhu Xiaoming, Zhou Weidong™
(The Institute of Animal Husbandry and Veterinary Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: Biogas slurry is the liquid part of anaerobic fermentation of excrements from breeding industries. It is rich in
organic matters, nitrogen, phosphorus, potassium, and other nutrients. However, biogas slurry is an environmental pollution
source if it is discharged without proper treatment. To recover the nutrients and remove Suspended Solids (SS) and trace heavy
metals in the biogas slurry, a membrane filtration system was designed in this work. Herein, Ceramic Membrane (CM) was
applied for pretreatment because of its large membrane flux, strong anti-pollution ability and high chemical stability features.
The key parameters that affect the performance of the membrane filtration system, such as membrane pore size, biogas slurry
temperature, membrane surface velocity and Volume Reduction Factor (VRF), were investigated. The effects of pretreatment
were studied via analyzing the membrane flux, Chemical Oxygen Demand (COD), turbidity, ammonia nitrogen, and the
content of heavy metals under different conditions. The results showed that the membrane flux could reach 250 L/ (m*h) for
50 nm CM, which was 75 L/ (m*-h) higher than that of 20 nm CM. However, in order to achieve high permeate water quality
and heavy metal removal efficiency, ultrafiltration by 20 nm pore size CM was selected for pretreatment. The membrane flux
increased from 165 to 275 L/ (m*-h) upon increasing liquid temperature from 15 to 40 °C. With the increase of membrane
surface velocity, the membrane flux increased gradually, but the increasing rate decreased. The membrane flux could reach
175 L/ (m*-h) under the membrane surface velocity of 3.0 m/s.When the concentration rate increased, the membrane fluxes
showed a downward trend of first fast and then slow. The maximum VRF of 20 nm pore CM could reach above 10, and the
corresponding membrane flux was 62.6 L/ (m*-h). The pretreatment of biogas slurry by CM filtration had the optimal economy,
when the frequency converter operated in the range of 40-45 Hz. The removal efficiency of turbidity by 20, 100 and 1 000 nm
pore CMs was 99.77%, 83.91% and 81.87%, respectively. And there was no significant difference on the COD removal
between 20 nm and 100 nm, which was 15.97% and 13.12%, respectively. There was almost no retention of ammonia nitrogen
for all CMs. The removal rate of Ca, Mg, K, P by 20 nm CM was 14.7%, 66.3%, 3.9% and 32.9% respectively. The retention
rate of Cu, Zn, Pb, Fe and Mn in biogas slurry by 20 nm CM was 96.0%, 95.5%, 100%, 86.5% and 76.0%, respectively.
However the removal efficiency of Cr was quite low owing to its anionic state in biogas slurry. To draw a conclusion,
pretreatment of biogas slurry by ultrafiltration using 20 nm CM could effectively remove SS and heavy metals, and retain
majority of the dissolved organic and inorganic nutrients in biogas slurry. After pretreatment by ultrafiltration,
nanofiltration(NF) or reverse osmosis(RO) could be used to concentrate the dissolved nutrients including organic matters,
nitrogen, phosphorus, and potassium. This study provides a useful reference for the harmless treatment and resource utilization
of swine wastewater and biogas slurry. It is anticipated that membrane concentrate system could render versatile applications
for biogas slurry.

Keywords: biogas slurry; heavy metal; ceramic membrane; membrane flux; volume reduction factor (VRF)
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